Mg, Al, Si, Ca, Ti, Fe, and Ni abundance for a sample of solar analogues by López-Valdivia, Ricardo et al.
ar
X
iv
:1
70
1.
07
85
0v
1 
 [a
str
o-
ph
.SR
]  
26
 Ja
n 2
01
7
Mon. Not. R. Astron. Soc. 000, 1–10 (2016) Printed 8 November 2018 (MN LATEX style file v2.2)
Mg, Al, Si, Ca, Ti, Fe, and Ni abundance for a sample of
solar analogues
Ricardo Lo´pez-Valdivia⋆, Emanuele Bertone, and Miguel Cha´vez
Instituto Nacional de Astrof´ısica, O´ptica y Electro´nica, Luis Enrique Erro 1, Tonantzintla, Puebla, 72840, Me´xico
Accepted XXX. Received YYY; in original form ZZZ
ABSTRACT
We report on the determination of chemical abundances of 38 solar analogues, includ-
ing 11 objects previously identified as super metal-rich stars. We have measured the
equivalent widths for 34 lines of 7 different chemical elements (Mg, Al, Si, Ca, Ti, Fe,
and Ni) in high-resolution (R ∼ 80 000) spectroscopic images, obtained at the Observa-
torio Astrof´ısico Guillermo Haro (Sonora, Mexico), with the Cananea High-resolution
Spectrograph. We derived chemical abundances using ATLAS12 model atmospheres
and the Fortran code MOOG. We confirmed the super metallicity status of 6 solar ana-
logues.Within our sample, BD+60 600 is the most metal-rich star ([Fe/H]=+0.35 dex),
while for HD 166991 we obtained the lowest iron abundance ([Fe/H]=−0.53 dex). We
also computed the so-called [Ref] index for 25 of our solar analogues, and we found,
that BD+60 600 ([Ref]=+0.42) and BD+28 3198 ([Ref]=+0.34) are good targets for
exoplanet search.
Key words: stars: solar-type; stars: abundances; techniques: spectroscopic.
1 INTRODUCTION
Stellar chemical composition represents an important pa-
rameter in stellar and galactic astronomy studies, and, in
particular, in the relatively recent field of exoplanets. In
this latter field, different studies have aimed at searching
for possible correlations between properties (mainly chemi-
cal composition) of host stars and the occurrence of exoplan-
ets. Gonzalez (1997), with the search for exoplanets still in
its early stages, suggested a link between high metal con-
tent of host stars and the presence of giant gaseous planets.
Such correlation was later confirmed by other authors (e.g.,
Fischer & Valenti 2005; Johnson et al. 2010; Sousa et al.
2011) and it agrees with the core accretion theory for planet
formation (Pollack et al. 1996; Alibert, Mordasini & Benz
2004), where high metallicity facilitates the formation of gi-
ant gas planets.
Within this scenario, the iron abundance ([Fe/H]) is
commonly used as proxy for overall metallicity; however,
Gonzalez (2009) suggested the use of a new metallicity in-
dex, called [Ref], which takes into account the mass abun-
dance of the refractory elements Mg, Si, and Fe, since their
number densities and condensation temperatures are very
similar. This [Ref] index is more sensitive (mainly at values
greater than +0.20 dex) than [Fe/H] to describe the inci-
dence probability of giant planets orbiting a star (Gonzalez
2014).
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The present work is the continuation of a global project
aimed at determining atmospheric parameters and chem-
ical abundances of solar analogues (main sequence stars
with spectral types between G0 and G3)1, with special in-
terest in looking for giant exoplanet host star candidates.
In Lo´pez-Valdivia et al. (2014), we simultaneously deter-
mined the basic stellar atmospheric parameters [effective
temperature (Teff), surface gravity (log g), and global metal-
licity ([M/H])], for a sample of 233 solar analogues, using
intermediate-resolution spectra (R ∼ 1700 at 4300 A˚) and a
set of Lick-like indices defined within 3800–4800 A˚. We de-
termined for the first time the atmospheric parameters for
213 stars, of which 20 are new super metal-rich star candi-
dates (SMR; [M/H]≥0.16 dex).
The second goal of our project is the analysis of chem-
ical abundances, which we started with the determina-
tion of the lithium abundance of a sample of 52 stars
(Lo´pez-Valdivia et al. 2015). The analysis was carried out
using narrow band high-resolution spectra (R ∼ 80 000) cen-
tred on the 6708 A˚ lithium feature. This sample included 12
SMR objects from our previous work (Lo´pez-Valdivia et al.
2014).
In this third part of the series, we complement the
lithium abundance with the chemical abundances of Mg, Al,
1 In our sample the stars HD 130948 and HD 168874 have a
different spectral type; nevertheless, we included them, because
their atmospheric parameters are compatible with the rest of the
sample.
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Si, Ca, Ti, Fe, and Ni, for 38 solar analogues. The sample
and the observations are described in Section 2. In Section
3, we detail the determination of the chemical abundances,
and, in Section 4, we discuss the results.
2 STELLAR SAMPLE AND OBSERVATIONS
We selected 38 objects among the brightest stars of
Lo´pez-Valdivia et al. (2015). In Table 1, we list the name
of the star, the visual magnitude, the spectral type and the
atmospheric parameters (and their uncertainties) for the en-
tire sample. The spectroscopic data were collected at the
2.1 m telescope of the Observatorio Astrof´ısico Guillermo
Haro, located in Mexico, using the Cananea High-resolution
Spectrograph (CanHiS). CanHiS is equipped with mid-band
filters, that provide access to ∼40 A˚ wide wavelength inter-
vals in a single diffraction order.
We observed the entire sample with a spectral resolv-
ing power of R ∼ 80 000 and a typical signal-to-noise ratio
(S/N) of about 100, using 4 different filters of CanHiS, cen-
tred at 5005, 5890, 6310, and 6710 A˚, respectively, giving
access to lines of Mg, Al, Si, Ca, Ti, Fe, and Ni (Fig. 1).
We also obtained the solar spectrum reflected by the aster-
oid Vesta with the same instrumental setup. Per filter and
per star, we collected at least 3 exposures, resulting in total
exposure times between 1.5 and 3 hours.
Data reduction was conducted following the standard
procedures of IRAF: bias subtraction, flat-field correction,
cosmic-ray removal, wavelength calibration through an in-
ternal UNe lamp, and, finally, continuum normalization.
We then shifted all the spectra to the rest frame, using a
degraded (to our resolution) version of the high-resolution
spectrum of the Sun (Kurucz et al. 1984) as template. For
each star (and filter) we co-added single exposures weighted
by the S/N to obtain the final spectrum.
3 ABUNDANCES DETERMINATION
We determined the chemical abundances, through a local
thermodynamic equilibrium (LTE) analysis, using the driver
abfind of the February 2013 version of MOOG (Sneden
1973), which performs an adjustment of the abundance to
match a single-line equivalent width (EW). MOOG requires
a standard solar composition (we used the solar abundances
of Grevesse & Sauval 1998), a model atmosphere, a line list,
and an EW measurement to compute atomic abundances.
Below we describe in detail each of these requirements.
3.1 Photospheric parameters and model
atmospheres
In order to compute a model atmosphere the basic parame-
ters are required: Teff , log g, [M/H], and the microturbulence
velocity (ξ). We adopted the Teff , log g, and [M/H] values
of our previous work (Lo´pez-Valdivia et al. 2015). For ξ, we
used the grid of atmospheric parameters of Takeda et al.
(2005), which includes determination of Teff , log g, [M/H],
and ξ for 160 FGK stars. We looked within the Takeda’s grid
the nearest set of the first 3 parameters for each star in our
sample, and we assigned the Takeda’s determination of ξ to
our star. We found ξ values between 0.83 and 1.63 kms−1,
which are in agreement with values determined from syn-
thetic spectra (Husser et al. 2013).
Regarding the atmospheric parameters uncertainties,
we used those reported in Lo´pez-Valdivia et al. (2015). For
those cases where uncertainties were not available, we as-
signed, for log g and ξ, ± 0.27 dex and ± 0.27 kms−1, as
the typical uncertainty, which is the standard deviation of
both log g and ξ distributions of the Takeda’s stars with
Teff within the values of our sample. For the uncertainty of
[M/H] we assumed ±0.10 dex as a conservative error.
Using the atmospheric parameters reported in Table 1,
we computed an ATLAS12 (Kurucz 2013) model atmosphere
for each star; we also computed a solar model atmosphere
with Teff,⊙=5777 K, log g⊙=4.44 dex, [M/H]⊙=0.0 dex, and
ξ⊙=1.0 kms
−1.
3.2 Line list
We extracted the atomic transitions between 4995 and
6730 A˚ from The Viena Atomic Line Database (VALD,
Piskunov et al. 1995; Kupka et al. 1999), using the atmo-
spheric parameters of the Sun. With these atomic transitions
and the ATLAS12 solar model, we created with SYNTHE
(Kurucz & Furenlid 1979; Kurucz & Avrett 1981; Kurucz
1993) a synthetic solar spectrum at the same spectral reso-
lution as our observations. From the Vesta spectrum we se-
lected 34 suitable atomic lines (listed in Table 2 and shown
in Fig. 1) of 7 different chemical elements (Mg, Al, Si, Ca,
Ti, Fe, and Ni), avoiding weak or saturated lines and blends.
Neves et al. (2009) pointed out that oscillator strengths
(log gf) of VALD might not be accurate enough for all the
atomic transitions. To correct these possible inaccuracies,
we determined the EW (see Section 3.3) for the 34 selected
lines in the observed and synthetic solar spectrum; then, we
compared both measurements and we modified the log gf
until both measurements (observed and synthetic) agreed.
For 15 lines, we also slightly modified the central wavelength
reported by VALD. The transition parameters from VALD
as well as their modifications are reported in Table 2.
3.3 Equivalent widths
The EW determination plays a fundamental role in the
abundance determination. Since the EW depends strongly
on the local continuum level, it is of crucial importance to
determine it as accurately as possible. We implemented the
following procedure to establish the local continuum level
and to measure the EW.
First, by means of a Gaussian fit of a small region (5 A˚),
we identified and removed the points that form the spectral
line of interest, which are points enclosed in a interval of ±3σ
from the central wavelength of the line. Then, we passed
through an iterative routine the remaining spectrum, which
is a combination of neighbouring lines and noise, to remove
points above ±2σ their average value in order to identify the
local continuum. Finally, we adjusted to the line a Gaussian
profile whose integral represents its EW.
We estimated the error on the EW applying a Monte
Carlo method with 1000 iterations, randomly adding to the
spectrum the noise of the local continuum.
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Figure 1. Normalized spectra of Vesta (black), HD 12699 (gray), and BD+28 3198 (light gray) in the four spectral regions, with
identification of the atomic lines used to compute abundances. Note that the interval centred at 6310 A˚ is more affected by the presence
of telluric lines.
We checked the consistency of our procedure by means
of a comparison of solar line EWs determined in two differ-
ent works (Neves et al. 2009; Takeda et al. 2005) with those
determined by us. We measured in the solar spectrum of
Kurucz et al. (1984), also used by Takeda and Neves, the
EW for 57 and 178 iron lines reported by Takeda et al. 2005
and Neves et al. 2009, respectively. From this comparison,
which is depicted in Fig. 2, we found good agreement, with
some small differences, which can be explained by different
local continuum levels.
3.4 Abundances computation and error budget.
For each star and Vesta, we measured the EW of all lines
listed in Table 2. We rejected, through visual inspection,
the lines whose best fit was not accurate enough; these lines
vary from star to star. The EWs of Table 3 were used in
MOOG to compute the chemical abundances. For species
with more than one analysed transition, we carried out a
weighted mean to obtain the final abundance, after having
discarded outliers with an iterative 3σ clipping.
It is important to note that these two rejection
processes could introduce potential biases and different
abundance scales in stars with different excluded lines.
The first filter is actually a visual inspection that relies on
the S/N of the spectra and is not directly associated with
abundances, while the sigma clipping is indeed applied
directly to abundances, but it was employed in only one
Fe line of eight stars. In order to take into account these
potential biases, we conducted a Monte Carlo procedure
c© 2016 RAS, MNRAS 000, 1–10
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Table 1. Atmospheric parameters and their uncertainties of the stellar sample. For all the stars of our sample the error
on the microturbulence velocity is 0.27 km s−1.
Object V SType Teff σ log g σ [M/H] σ ξ
(K) (K) (dex) (dex) (dex) (dex) (km s−1)
HD 5649 8.70 G0V 5830 52 4.45 0.22 -0.08 0.04 1.03
BD+60 402 10.26 G0V 5985 72 4.30 0.40 0.22 0.09 1.15
HD 16894 8.02 G2V 5500 70 4.05 0.30 -0.10 0.09 0.83
BD+60 600 8.65 G0V 5655 47 3.95 0.20 0.20 0.07 1.18
HD 232824 9.52 G2V 5900 67 4.15 0.35 0.16 0.08 1.27
HD 237200 9.66 G0V 6045 55 4.25 0.32 0.18 0.05 1.26
HD 26710 7.18 G2V 5815 47 4.55 0.20 -0.04 0.04 1.63
HD 31867 8.05 G2V 5590 57 4.40 0.25 -0.10 0.06 0.98
HD 33866 7.87 G2V 5481 123 4.33 0.27 -0.07 0.10 0.91
HD 41708 8.03 G0V 5998 58 4.55 0.27 0.08 0.10 1.33
HD 42802 6.44 G2V 5617 80 4.53 0.27 -0.11 0.10 0.98
HD 77730 7.39 G2V 5698 80 4.13 0.27 -0.05 0.10 1.00
HD 110882 8.87 G1V 5880 50 4.40 0.25 -0.28 0.04 1.14
HD 110884 9.11 G3V 5905 87 4.30 0.40 -0.26 0.08 1.16
HD 111513 7.35 G1V 5723 80 4.31 0.27 0.12 0.10 1.21
HD 111540 9.54 G1V 5840 47 4.20 0.25 0.14 0.05 1.13
HD 124019 8.56 G2V 5685 57 4.65 0.25 -0.18 0.06 0.88
HD 126991 7.90 G2V 5360 107 3.15 0.40 -0.34 0.14 1.27
HD 129357 7.83 G2V 5775 52 4.30 0.22 -0.14 0.05 1.21
HD 130948 5.88 F9IV-V 5885 80 4.42 0.27 -0.09 0.10 1.28
HD 135145 8.35 G0V 5997 80 4.14 0.27 -0.02 0.10 1.19
HD 135633 8.46 G0V 6095 67 4.25 0.40 0.22 0.06 1.27
HD 140385 8.57 G2V 5735 60 4.60 0.27 -0.16 0.08 1.13
HD 145404 8.54 G0V 5920 82 4.43 0.27 -0.16 0.10 1.20
HD 152264 7.74 G0V 6177 73 4.09 0.27 0.02 0.10 1.36
BD+29 2963 8.42 G0V 5865 55 4.70 0.22 0.00 0.04 1.27
HD 156968 7.97 G0V 6105 96 4.42 0.27 -0.03 0.10 1.30
HD 168874 7.01 G2IV 5696 80 4.41 0.27 -0.05 0.10 0.86
BD+28 3198 8.66 G2V 5840 35 4.00 0.17 0.24 0.05 1.25
TYC 2655-3677-1 9.93 G0V 6220 47 4.15 0.27 0.28 0.05 1.31
HD 333565 8.75 G1V 5990 52 4.45 0.27 0.12 0.05 1.19
HD 228356 9.07 G0V 6055 37 4.00 0.20 0.16 0.05 1.41
HD 193664 5.93 G3V 5942 112 4.47 0.27 -0.11 0.10 1.28
BD+47 3218 8.70 G0V 6050 52 4.05 0.30 0.16 0.06 1.41
HD 210460 6.19 G0V 5357 80 3.58 0.27 -0.17 0.10 1.27
TYC 3986-3381-1 10.37 G2V 5855 57 4.15 0.25 0.26 0.07 1.15
HD 212809 8.64 G2V 5975 55 4.55 0.27 0.16 0.05 1.33
BD+28 4515 8.73 G2V 5580 40 3.50 0.17 -0.22 0.06 1.29
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Figure 2. Comparison of the solar EW computed in this study
(EWTW) and those determined by Takeda et al. (2005) and
Neves et al. (2009).
in which we computed the Fe, Ni, and Ti abundance
(elements with more available lines within our line list with
18, 6, and 5, respectively) for Vesta and some stars of our
sample. We computed the mean abundance of Fe, Ni, and
Ti using different size sets of randomly selected lines. After
1000 iterations for each set, element, and star, we demon-
strated that the final abundance of these elements in all
the cases does not change by more than 0.02 dex on average.
We report in Table 4 the abundances of the 7 atomic
elements for our sample; they are given with respect to
the solar abundances determined for Vesta2 (see Table 5).
The Table also provides the abundance uncertainty and the
number of lines used for the abundance determination.
2 [X/H] = A(X)star - A(X)⊙, where A(X)⊙ is the computed
abundance for Vesta.
c© 2016 RAS, MNRAS 000, 1–10
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Table 2. Set of atomic parameters from VALD and the modifi-
cations made by us to the central wavelength and the log gf .
λ ∆ λ element χ log gf ∆ log gf
(A˚) (A˚) (eV)
4995.650 0.005 Ni I 3.635 -1.580 -0.308
4997.098 - Ti I 0.000 -2.070 -0.156
4998.224 - Ni I 3.606 -0.700 -0.261
4999.112 - Fe I 4.186 -1.740 -0.066
4999.503 0.007 Ti I 0.826 0.320 -0.279
5000.990 0.002 Ti I 1.997 -0.020 -0.255
5003.741 0.003 Ni I 1.676 -3.070 -0.265
5004.044 - Fe I 4.209 -1.400 -0.110
5006.119 0.011 Fe I 2.833 -0.638 -0.336
5010.023 - Ni I 3.768 -0.980 -0.085
5010.938 0.002 Ni I 3.635 -0.870 -0.161
5016.161 0.004 Ti I 0.848 -0.480 -0.294
5873.212 - Fe I 4.256 -2.140 0.168
5873.763 - Si I 4.930 -4.244 1.194
5877.788 - Fe I 4.178 -2.230 -0.009
5880.027 - Fe I 4.559 -1.940 -0.028
5899.293 - Ti I 1.053 -1.100 -0.098
5905.671 0.003 Fe I 4.652 -0.730 -0.179
6293.925 - Fe I 4.835 -1.717 -0.083
6297.792 0.002 Fe I 2.223 -2.740 -0.185
6315.811 - Fe I 4.076 -1.710 -0.023
6319.237 - Mg I 5.108 -2.324 0.238
6322.166 0.003 Ni I 4.154 -2.426 1.267
6322.685 0.004 Fe I 2.588 -1.170 -1.256
6698.673 - Al I 3.143 -1.647 -0.255
6703.566 0.003 Fe I 2.759 -3.160 0.097
6705.101 0.003 Fe I 4.607 -1.392 0.269
6710.318 - Fe I 1.485 -4.880 0.036
6713.046 - Fe I 4.607 -0.963 -0.380
6713.743 - Fe I 4.796 -1.600 0.186
6715.382 - Fe I 4.608 -1.640 0.109
6717.681 0.003 Ca I 2.709 -0.524 0.025
6721.848 - Si I 5.863 -1.527 0.415
6726.666 0.003 Fe I 4.607 -1.133 0.078
Along with the uncertainty on the EW measurement,
the error on the stellar parameters is the source that most
affects the final abundances. To properly assess it, we con-
structed a small matrix of abundance variations as a func-
tion of the difference in four atmospheric parameters (Teff ,
log g, [M/H], and ξ), taking the solar values as reference.
For each absorption line j, we considered the EW measured
on the Vesta spectrum and we computed a grid of abun-
dance variations ∆[X/H]j = [X/H]j − [X/H]j,⊙, caused by
a difference ∆Teff,⊙ = 150 K, of ∆ log g⊙ = 0.40 dex, of
∆[M/H]
⊙
= 0.20 dex, and of ∆ξ⊙ = 0.50 kms
−1. Then, for
each star, we obtained the ∆[X/H]j corresponding to each
atmospheric parameter by linearly interpolating this grid,
assuming, as parameter value difference, the errors reported
in Table 1. The error on the abundance derived from each
absorption line is the quadratic sum of the error on the at-
mospheric parameters and the EW.
Table 3. EWs of the atomic lines considered for abundance de-
termination. The complete Table is available in electronic version.
Star λ Ele. EW σ
(A˚) (mA˚) (mA˚)
HD 5649 4998.224 28 27.35 2.51
HD 5649 4999.510 22 59.01 2.77
HD 5649 5000.992 22 24.08 3.18
HD 5649 5006.130 26 124.59 5.58
HD 5649 5010.940 28 23.02 2.81
HD 5649 5016.165 22 24.09 3.35
HD 5649 5877.788 26 8.71 1.16
HD 5649 5880.027 26 10.47 1.57
HD 5649 5905.674 26 30.81 1.62
HD 5649 6297.794 26 47.92 1.26
HD 5649 6322.689 26 49.03 1.82
... ... ... ... ...
4 DISCUSSION
4.1 Super metal rich stars and the [Ref] index
In our working sample, we included 11 stars considered as
SMR ([M/H] ≥ 0.16 dex) in Lo´pez-Valdivia et al. (2014).
From the present high-resolution analysis, we confirm the
SMR status, by means of their iron abundance, for 6 objects,
namely BD+60 402, BD+60 600, HD 237200, HD 135633,
BD+28 3198, and TYC 3986-3381-1, while, for other 3
stars (BD+47 3218, HD 212809, HD 232824), we ob-
tain [Fe/H] lower than the SMR threshold. However, both
BD+47 3218 and HD 212809 have super-solar abundances
for all atomic species and some of them are well above the
+0.16 dex threshold. The two remaining cases of SMR stars,
HD 228356 and TYC 2655-3677-1, are discussed below.
The 6 SMR stars are therefore excellent targets to
search for giant planet companions. In order to quantify the
probability of detecting these planets, we make use of the
[Ref] index defined by Gonzalez (2009):
(1)
[Ref] = log
(
24× 107.55+[Mg/H] + 28× 107.53+[Si/H] + 56
× 107.47+[Fe/H]
)
− 9.538
We report the [Ref] index and [Fe/H] in Table 6,
where we also provide the probability [P(%)] of hosting
a giant planet, obtained from the probability functions of
Gonzalez (2014) and Fischer & Valenti (2005), based solely
on chemical composition considerations. BD+60 600 (39%)
and BD+28 3198 (22%) stand out as the best targets for a
giant exoplanet search program.
4.2 [X/Fe] behaviour and comparison with
literature data.
In Figure 5, we show the [X/Fe] ratios for the elements in-
cluded in our analysis. In order to check for consistency with
other abundance studies on objects of the solar neighbour-
hood, we compare our results with the works of Neves et al.
(2009), Adibekyan et al. (2012), and Hinkel et al. (2014),
which include LTE abundances for FGKM main sequence
stars, within a distance of 150 pc from the Sun. We found
good agreement with these previous works. Our Mg, Si, Ca
and Ti ratios present a higher scatter than Al, and Ni, nev-
c© 2016 RAS, MNRAS 000, 1–10
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Table 4. Chemical abundances of the stellar sample. For each element we present in different rows the weighted mean abundance, its
error, and the number of lines used in the determination of the abundance per star.
Star [Mg/H] [Al/H] [Si/H] [Ca/H] [Ti/H] [Fe/H] [Ni/H]
HD 5649 – – – -0.48 -0.42 -0.32 -0.43
– – – 0.13 0.07 0.02 0.06
– – – 1 3 9 2
BD+60 402 +0.18 +0.20 +0.20 +0.26 +0.17 +0.19 +0.16
0.12 0.04 0.04 0.19 0.06 0.02 0.04
1 1 1 1 4 15 5
HD 16894 -0.21 – +0.25 +0.32 +0.07 +0.04 -0.01
0.05 – 0.08 0.17 0.06 0.02 0.04
1 – 1 1 4 16 6
BD+60 600 +0.51 +0.39 +0.44 +0.51 +0.24 +0.35 +0.34
0.05 0.04 0.04 0.13 0.05 0.01 0.03
1 1 2 1 4 18 5
HD 232824 -0.07 -0.08 -0.03 -0.07 -0.24 -0.09 -0.06
0.07 0.05 0.04 0.17 0.07 0.02 0.04
1 1 2 1 4 17 4
HD 237200 +0.03 +0.13 +0.20 +0.27 +0.21 +0.18 +0.14
0.07 0.04 0.04 0.17 0.07 0.01 0.04
1 1 2 1 4 16 5
HD 26710 -0.13 – +0.09 +0.08 -0.23 +0.08 -0.12
0.04 – 0.04 0.13 0.05 0.01 0.03
1 – 1 1 4 14 4
HD 31867 -0.21 – +0.13 -0.06 -0.13 -0.07 -0.05
0.04 – 0.05 0.14 0.04 0.01 0.03
1 – 1 1 5 14 6
HD 33866 -0.06 – – +0.04 -0.35 -0.22 -0.20
0.06 – – 0.17 0.08 0.02 0.04
1 – – 1 4 15 5
HD 41708 +0.22 – – -0.03 +0.07 +0.08 +0.12
0.04 – – 0.16 0.05 0.01 0.03
1 – – 1 4 15 6
HD 42807 +0.02 – +0.03 +0.06 -0.05 -0.10 -0.15
0.04 – 0.06 0.16 0.05 0.01 0.04
1 – 1 1 5 15 5
HD 77730 -0.50 -0.18 -0.15 -0.30 -0.41 -0.40 -0.35
0.06 0.05 0.04 0.16 0.06 0.02 0.04
1 1 1 1 5 16 6
HD 110882 -0.32 – – -0.31 -0.18 -0.37 -0.31
0.04 – – 0.14 0.05 0.02 0.04
1 – – 1 4 9 6
HD 110884 – -0.17 – -0.11 -0.18 -0.14 -0.11
– 0.04 – 0.19 0.07 0.02 0.05
– 1 – 1 3 16 4
HD 111513 +0.23 +0.03 +0.21 +0.08 -0.03 +0.04 +0.12
0.04 0.04 0.03 0.16 0.06 0.01 0.03
1 1 2 1 4 17 5
HD 111540 +0.00 +0.17 +0.28 +0.24 +0.09 +0.13 +0.14
0.09 0.04 0.04 0.14 0.05 0.01 0.04
1 1 2 1 4 15 6
HD 124019 -0.16 -0.15 +0.30 -0.17 -0.12 -0.05 -0.24
0.06 0.04 0.06 0.14 0.05 0.01 0.04
1 1 1 1 5 13 5
HD 126991 -0.29 -0.20 -0.41 -0.20 -0.10 -0.53 -0.37
0.04 0.04 0.04 0.20 0.06 0.02 0.04
1 1 1 1 5 16 5
HD 129357 -0.04 -0.01 – -0.03 +0.02 -0.01 -0.01
0.04 0.03 – 0.13 0.04 0.01 0.03
1 1 – 1 5 16 6
HD 130948 -0.08 – +0.11 -0.10 -0.28 -0.11 -0.14
0.04 – 0.06 0.16 0.08 0.02 0.04
1 – 1 1 3 15 3
HD 135145 -0.19 – – -0.11 +0.00 -0.03 +0.03
0.04 – – 0.16 0.06 0.02 0.03
1 – – 1 4 15 6
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Table 4 – continued
Star [Mg/H] [Al/H] [Si/H] [Ca/H] [Ti/H] [Fe/H] [Ni/H]
HD 135633 +0.02 +0.14 +0.29 +0.33 +0.14 +0.23 +0.13
0.06 0.04 0.08 0.19 0.06 0.01 0.04
1 1 1 1 4 15 5
HD 140385 +0.01 -0.03 -0.11 -0.28 +0.12 -0.24 -0.15
0.05 0.04 0.04 0.15 0.05 0.01 0.03
1 1 2 1 5 16 6
HD 145404 -0.25 -0.25 – -0.23 -0.08 -0.18 -0.19
0.04 0.04 – 0.16 0.05 0.01 0.04
1 1 – 1 5 16 6
HD 152264 -0.11 +0.00 +0.03 +0.16 +0.17 +0.07 +0.10
0.04 0.04 0.04 0.16 0.06 0.01 0.03
1 1 2 1 4 17 5
BD+29 2963 -0.17 -0.16 -0.28 -0.30 -0.08 -0.22 -0.23
0.04 0.04 0.04 0.13 0.04 0.01 0.04
1 1 1 1 5 17 5
HD 156968 +0.00 -0.11 – -0.03 +0.06 -0.03 -0.02
0.05 0.04 – 0.16 0.06 0.02 0.04
1 1 – 1 5 16 6
HD 168874 +0.00 +0.03 +0.05 +0.00 +0.04 -0.01 +0.07
0.05 0.04 0.08 0.16 0.06 0.02 0.04
1 1 1 1 5 15 4
BD+28 3198 +0.44 +0.30 +0.35 +0.46 +0.33 +0.27 +0.36
0.04 0.04 0.04 0.12 0.04 0.01 0.03
1 1 2 1 4 18 5
HD 333565 -0.19 -0.05 -0.02 -0.16 +0.12 -0.03 +0.04
0.04 0.04 0.03 0.15 0.06 0.01 0.04
1 1 1 1 4 13 3
HD 193664 -0.26 – +0.09 -0.02 -0.17 -0.12 -0.06
0.05 – 0.08 0.17 0.09 0.02 0.04
1 – 1 1 3 16 5
BD+47 3218 +0.06 +0.09 +0.15 +0.28 +0.24 +0.13 +0.32
0.04 0.04 0.04 0.16 0.06 0.01 0.03
1 1 2 1 4 15 5
HD 210460 -0.49 – – -0.54 -0.38 -0.37 -0.37
0.05 – – 0.17 0.06 0.02 0.04
1 – – 1 4 13 5
TYC 3986-3381-1 – +0.38 +0.48 +0.40 +0.29 +0.32 +0.23
– 0.05 0.04 0.15 0.07 0.01 0.04
0 1 1 1 4 14 4
HD 212809 +0.01 – – +0.28 +0.03 +0.08 +0.08
0.07 – – 0.15 0.05 0.01 0.04
1 – – 1 4 15 5
BD+28 4515 +0.02 – +0.38 +0.24 -0.10 +0.07 +0.10
0.04 – 0.05 0.13 0.05 0.01 0.03
1 – 1 1 4 17 6
ertheless, this pattern is also present in the comparison sam-
ple.
The errors in the Ca abundance are, on average, larger
than for the other elements and always higher than 0.10 dex.
This anomaly is due to fact that the Ca abundance is very
sensitive to the error in surface gravity: in fact, we found that
σlog g = 0.20 dex produces a difference of 0.08 dex in the Ca
abundance, while for the other elements the uncertainty in
log g does not affect much the overall error.
We found 8 of our stars in the Hypatia catalogue, a com-
pilation of chemical abundances from high-resolution spec-
troscopy (Hinkel et al. 2014), and 2 objects are also present
in the more recent work by Mahdi et al. (2016). We found
a maximum (minimum) difference of +0.20 dex (-0.02 dex)
between our abundances and those of Hinkel et al. (2014).
This discrepancy is as large as the typical dispersion among
catalogues included in Hinkel et al. (2014). As an example,
in Fig. 3, we show the comparison of our [Fe/H] values and
those of Hypatia for the the stars HD 41708, HD 42807,
HD 111513, HD 129357, HD 140385, and HD 156968; we
also include the iron abundance of Mahdi et al. (2016) for
HD 42807 and HD 111513. If we take into account that
the solar scale of Lodders et al. (2009), used as reference
by Hinkel et al. (2014), has a iron abundance 0.05 dex lower
than in Grevesse & Sauval (1998), the agreement with our
results improves.
Mahdi et al. (2016) provide the abundance of Si, Ca, Ti,
Fe, and Ni for the stars HD 42807 and HD 111513. We found
a difference with our results between +0.08 and +0.11 dex
for HD 42807 and in the interval −0.15 to +0.07 dex for
c© 2016 RAS, MNRAS 000, 1–10
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Figure 3. Comparison of our iron abundances and those of
Hinkel et al. (2014) (filled circles) and Mahdi et al. (2016) (filled
squares). The empty circles represent the transformation of our
iron abundances to the Hinkel et al. (2014) reference solar abun-
dances.
Table 5. Solar abundances from Vesta spectrum and the values
of Grevesse & Sauval (1998).
Element Vesta G&S
Mg 7.54 ± 0.02 7.58 ± 0.05
Al 6.46 ± 0.02 6.47 ± 0.07
Si 7.52 ± 0.02 7.55 ± 0.05
Ca 6.38 ± 0.09 6.36 ± 0.02
Ti 4.98 ± 0.03 5.02 ± 0.06
Fe 7.49 ± 0.01 7.50 ± 0.05
Ni 6.23 ± 0.02 6.25 ± 0.04
HD 111513. Such values, although larger than our errors,
can be explained by systematic differences, such as different
log gf values or different atmospheric parameters adopted.
4.3 Stars with broad line profiles
Two stars, TYC 2655-3677-1 and HD 228356, show line pro-
files which are significantly broader that the rest of the sam-
ple (see Fig. 4). This is due to relatively high rotational
velocity (with a possible significant contribution by macro-
turbulence). These two objects also have high lithium abun-
dance (A(Li)=2.54 for TYC 2655-3677-1 and HD 228653
of A(Li)=2.71; Lo´pez-Valdivia et al. 2015), indicating that
they are probably young stars.
Their line profiles, however, are broad enough to make
very difficult to identify isolated, un-blended lines for a cor-
rect abundance measurement. We have therefore excluded
the two stars from our abundance analysis.We measured the
FWHM and we computed, using eq. 6 of Strassmeier et al.
(1990), the projected rotation velocity (v sin i) for 6 atomic
lines in the region around 6710 A˚.
We assumed a macroturbulence velocity of 3 km s−1
and an instrumental FWHM = 0.19 A˚ and we obtained
v sin i = 8.5 and 9.7 kms−1 for TYC 2655-3677-1 and
HD 228653, respectively.
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Figure 4. The spectra of TYC 2655-3677-1 (gray), and
HD 268356 (light gray), compared with the spectrum of Vesta
(black).
Table 6. Probability of hosting a giant planet using [Fe/H] and
the [Ref] index.
Object [Fe/H] P(%) [Ref] P(%)
HD 5649 -0.32 0 – –
BD+60 402 +0.19 7 +0.19 8
HD 16894 +0.04 3 +0.07 3
BD+60 600 +0.35 15 +0.42 39
HD 232824 -0.09 1 -0.07 1
HD 237200 +0.18 6 +0.15 6
HD 26710 +0.08 4 +0.04 2
HD 31867 -0.07 2 -0.03 1
HD 33866 -0.22 1 – –
HD 41708 +0.08 4 – –
HD 42807 -0.10 1 -0.03 1
HD 77730 -0.40 0 -0.33 0
HD 110882 -0.37 0 – –
HD 110884 -0.14 1 – –
HD 111513 +0.04 3 +0.14 5
HD 111540 +0.13 5 +0.15 6
HD 124019 -0.05 2 +0.06 3
HD 126991 -0.53 0 -0.43 0
HD 129357 -0.01 2 +0.09 4
HD 130948 -0.11 1 -0.03 1
HD 135145 -0.03 2 – –
HD 135633 +0.23 8 +0.21 9
HD 140385 -0.24 0 -0.13 0
HD 145404 -0.18 1 – –
HD 152264 +0.07 4 +0.02 2
BD+29 2963 -0.22 1 -0.22 0
HD 156968 -0.03 2 – –
HD 168874 -0.01 2 +0.01 2
BD+28 3198 +0.27 10 +0.34 22
HD 333565 -0.03 2 -0.06 1
HD 193664 -0.12 1 -0.08 1
BD+47 3218 +0.13 5 +0.12 5
HD 210460 -0.37 0 – –
TYC 3986-3381-1 +0.32 13 – –
HD 212809 +0.08 4 – –
BD+28 4515 +0.07 4 +0.17 7
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Figure 5. [X/Fe] vs [Fe/H] ratio for our sample (black circles), Neves et al. (2009)(gray triangles), Adibekyan et al. (2012) (gray stars),
and for Hinkel et al. (2014) (gray circles). The vertical dashed line indicates the super metallicity threshold.
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